8.3 vs. 38.7%; p = 0.027). No significant differences in FXR expression were observed in the ileum of patients with MC (moderate-strong FXR expression: 76.9 vs. 90.9%; p = 0.5). We found no difference in FXR expression between the two types of MC. No association between the degree of lymphocyte infiltration or the thickness of collagen band and FXR expression was found. Conclusions: Patients with MC present a significantly lower expression of FXR in the colon. This could render colonic epithelial cells more susceptible to the deleterious effects of BA, contributing to disease pathogenesis and symptoms in MC. Resumo Introdução: A colite microscópica (CM) é uma doença inflamatória do intestino com etiologia desconhecida. A má-absorção de ácidos biliares (AB) encontra-se descrita em doentes com CM. O Recetor Farnesoid X (FXR) é o principal recetor dos AB; mecanismos mediados pelo FXR previnem o efeito nocivo da acumulação dos AB, preservando a integridade da barreira epitelial intestinal e impedindo inflamação. Objetivos: Avaliar a expressão do FXR em doentes com CM. Métodos: Foram obtidas amostras em parafina do ileon terminal, cólon direito e esquerdo de doentes com CM e controlos emparelhados; foi realizada imunohistoquímica para FXR e a sua expressão nuclear quantificada de forma semi-quantitativa. Resultados: Foram estudadas 169 amostras de 35 doentes com CM e 31 controlos. A expressão de FXR nos doentes com CM foi significativamente inferior à dos controlos no cólon direito (expressão FXR moderada-intensa: 21.1% versus 64.3%; p = 0.003) e esquerdo (expressão FXR moderada-intensa: 8.3% versus 38.7%; p = 0.027). Não observámos diferenças significativas na expressão do FXR no ileon em doentes com CM em comparação com controlos (expressão moderada-intensa em 76.9 versus 90.0%; p = 0.5). Não se verificaram diferenças na expressão FXR entre os dois tipos de CM. Não se encontrou associação entre o grau de infiltração linfocítica ou a espessura da banda de colagénio e a expressão de FXR. Conclusões: os doentes com CM apresentaram uma expressão significativamente reduzida do FXR no cólon; isto pode tornar as células epiteliais mais suscetíveis aos efeitos deletérios dos AB, contribuindo para a patogénese da doença e a sintomatologia da CM.
Farnesoid X Receptor Expression in

Introduction and Objectives
Microscopic colitis (MC) is a form of idiopathic inflammatory bowel disease that causes non-bloody chronic diarrhoea, especially in elderly patients, and that can impact quality of life due to increased stool frequency, urgency, incontinence, nocturnal bowel movements, and weight loss [1] . Studies have shown that most patients will respond to steroid therapy, but around 13% of patients present a relapsing course requiring immunosuppressive therapy and, rarely, surgery [2, 3] . MC encompasses two different disorders: lymphocytic and collagenous colitis. Both lymphocytic and collagenous colitis present with histologic evidence of chronic mucosal inflammation, in the absence of endoscopic or radiologic abnormalities of the colon [4] . Histological analysis from the colon is, therefore, necessary to make the diagnosis.
Previously considered to be a rare diagnosis, MC nowadays accounts for 4-13% of patients investigated for chronic diarrhoea [5] [6] [7] . The incidence of MC seems to be increasing, reaching levels comparable with the commonest forms of inflammatory bowel disease, Crohn's disease, and ulcerative colitis [3, 4, 8] . Research on MC has mainly focused on the incidence, clinical features, and natural history of disease through epidemiological studies [9] . However, there are still many unanswered questions regarding what causes this puzzling disorder. The aetiology of MC remains unknown, and it is likely multifactorial. Many hypotheses have been proposed, among which the association with drugs and with autoimmunity stands out [3] . However, there is also some evidence in the literature pointing to a possible role of bile acids (BAs) in MC. Patients refractory to medical therapy who have their faecal stream deviated by means of a temporary ileostomy have shown improvement and resolution of inflammation, suggesting that some noxious luminal factor contributes to the pathophysiology [10] . BA malabsorption measured by the 75 Se-labelled homocholic acid-taurine ( 75 SeHCAT) test has been found in approximately 44% of patients with MC [11] . Furthermore, those with an abnormal 75 SeHCAT test often respond to cholestyramine, a BAbinding resin, with responses ranging from 59 to 86% in open-label studies [12] . The beneficial effects of budesonide, the only therapy that has been shown to be superior to placebo in randomized controlled trials [13, 14] , may also be partly linked to changes in BA metabolism [15] . Budesonide is capable of activating the apical sodium BA transporter, which is the primary transporter responsible for BA absorption in the terminal ileum (TI) [16] . Other work has demonstrated that the 75 SeHCAT values, which indirectly measure BA re-absorption in the TI, significantly increase during budesonide treatment, suggesting that the good clinical efficacy of budesonide may partially rely on modulatory effects on BA-induced diarrhoea or mucosal damage in MC [15] .
BAs are important signalling molecules, acting in inflammation and metabolism, through activation of BA receptors such as the nuclear BA receptor farnesoid X receptor (FXR). FXR is a nuclear receptor recently discovered and characterized [17] . It acts as the main nuclear BA receptor, and therefore it is expressed at high levels in the liver and intestine, especially in the TI and proximal colon [18] . In the intestine, BA-dependent FXR activation re-GE Port J Gastroenterol 2018;25:30-37 DOI: 10.1159/000481197 32 sults mainly in two events. First, FXR induces synthesis of fibroblast growth factor-19, which is then secreted into the portal circulation and acts on hepatocytes to suppress the rate-limiting enzyme responsible for BA synthesis [19] . Second, FXR activation is coupled with reduced apical sodium BA transporter expression, which results in decreased BA intestinal absorption and prevention of intracellular BA accumulation [20] . Therefore, FXR-mediated mechanisms prevent the noxious effects of BA accumulation on hepatocytes and on the cells lining the intestinal and biliary tract [21] , playing a key role not only in the enterohepatic circulation, but also in the regulation of inflammatory responses in the liver and intestine [21] . Reduced FXR activation has been shown in experimental models of colitis [22, 23] and in samples from patients with Crohn's disease [24] ; on the another hand, FXR knockout mice have been shown to be more susceptible to colitis, which resolves with the administration of a FXR agonist [21, 23] . No study has addressed or studied the expression of FXR in patients with MC. Herein we hypothesized that colonic inflammation, in part by inactivating FXR-mediated mechanisms, could exacerbate the toxic effects of secondary BA on colonic cells and therefore have a role in MC pathogenesis. Therefore, we sought to explore the expression of FXR in patients with MC across several colonic segments, as compared to healthy controls.
Material and Methods
Case Selection
Following approval by the Hospital Beatriz Ângelo and Hospital CUF Descobertas Ethics Commissions, patients were identified using each institution's pathology databases. Cases were patients with a diagnosis of collagenous colitis or lymphocytic colitis based on the usual histopathological criteria: (1) presence of an abnormal surface subepithelial collagen layer with an abnormal thickness (normal 5-7 μm), which entraps superficial capillaries and with an irregular lacy appearance of the lower edge of the basement membrane; (2) increased chronic inflammatory infiltrate (plasma cells, eosinophils, and lymphocytes) in the lamina propria; (3) increased number of intra-epithelial lymphocytes (normal <7 per 100 epithelial cells); and (4) damage of surface epithelium, with flattening of epithelial cells and/or epithelial loss and detachment, and minimal crypt architecture distortion [9, [25] [26] [27] . Gender-and age-matched (±5 years) individuals who performed colonoscopy for other reasons and from whom biopsies were available for retrieval and staining were selected to serve as controls. All samples had been collected during the past 5 years. Patients with a history of inflammatory bowel disease or any other inflammatory condition of the colon, including irritable bowel syndrome, were excluded. When available, biopsies were retrieved from the TI, right and left colon. Biopsies that were labelled as cecum, ascending or transverse colon were included as right colon biopsies, and biopsies that were labelled as descending, sigmoid colon or rectum were included as left colon samples. Biopsies that were labelled as right or left colon only were also included to each respective location. Cases or controls where biopsies were available but the location was not indicated were not included. Gender and age were recorded for all participants. All slides were reviewed prior to immunohistochemistry staining by a single pathologist with an expertise in gastrointestinal pathology (P.B.) to confirm the diagnosis of MC, and to exclude controls that presented any signs of microscopic inflammation in the colon.
Immunohistochemistry
Immunohistochemistry for FXR was performed manually on samples, using a mouse anti-human FXR monoclonal antibody (Perseus Proteomics, Tokyo, Japan). This antibody specifically recognizes human FXR and cross-reacts with mouse and rat FXR. From the formalin-fixed, paraffin-embedded tissue blocks of biopsy specimens, sequential sections were cut at 4-μm thickness and mounted on adhesive slides. Slides were deparaffinized in xylene and subsequently washed in graded ethanol (100%, followed by 95%) and rehydrated in distilled water. For antigen retrieval, sections were incubated in a microwave for 30 min using a 0.1% sodium citrate buffer and subsequently washed in PBS at room temperature. Endogenous peroxidase activity was blocked by incubating the slides with 3% H 2 O 2 for 10 min and then rinsed three times with PBS. Sections were incubated for 60 min at room temperature in 2% BSA to avoid non-specific signal, and then overnight at 4 ° C with the primary anti-FXR antibody. Subsequently, slides were rinsed 3 times in PBS and treated for 30 min at room temperature with a polyclonal anti-mouse secondary antibody (EnVision+ System-HRP Labelled Polymer Anti-mouse, Dako, Denmark), and again washed three times with PBS. Slides were then incubated with diaminobenzidine using the peroxidase substrate diaminobenzidine kit TM (Vector Laboratories). After cleansing with water, slides were counterstained with Harris modified haematoxylin solution for 50 s, dipped in ethanol and in ammonia water, and rinsed in tap water in between. Finally, sections were consecutively dehydrated in 95 and 100% alcohol, washed with xylene and mounted with VectaMount TM (Vector Laboratories). At least one section with normal small intestinal mucosa was included for each run as a positive control.
Evaluation of the Immunohistochemistry FXR nuclear expression was scored by an experienced observer and expert gastrointestinal pathologist (P.B.) who was blinded to the clinical information and location of the biopsy. FXR nuclear staining intensity was scored as absent (0), weak (+), moderate (++), and strong (+++), and for the purposes of analysis grouped as absent to weak and moderate to strong.
Histologic Grading of Inflammation
Samples from MC patients were scored according to their degree of inflammation. In collagenous colitis cases, the thickness of the collagen band was measured in micrometres, by choosing the location in the biopsy with the thickest collagen deposition. For lymphocytic colitis, the degree of lymphocytic infiltration was assessed by the same gastrointestinal pathologist (P.B.) using a semiquantitative scale evaluating the number of lymphocytes per 100 epithelial cells: mild (25-50 lymphocytes), moderate (50-75 lymphocytes), and severe (>75 lymphocytes) inflammation.
Statistical Analysis
Data analysis was performed using the computer software Statistical Package for Social Sciences (SPSS) for Mac (version 19.0). When appropriate, the Student t test, logistic regression, the Fischer exact test, and χ 2 tests were used for comparison between groups. Statistical significance was set at p < 0.05. For the purposes of analysis, FXR expression was grouped as absent-mild or moderatestrong. Correlations with disease state (MC vs. healthy), and specimen location (right vs. left colon) were performed. The degree of staining was also correlated with the degree of inflammation as measured by the thickness of the collagen band or the degree of lymphocyte infiltration in the lamina propria using χ 2 tests.
Results
Patients and Samples
Following our inclusion and exclusion criteria, 35 cases of MC (27 with lymphocytic colitis and 8 with collagenous colitis) and 31 controls were included and their biopsies retrieved and stained. As expected, there were no significant differences in gender distribution (76% of females in cases vs. 71% in controls, p = 0.64) or in mean age (58.6 ± 17.3 years in cases vs. 53.6 ± 19.1 years in controls, p = 0.3) between study groups. A total of 169 formalin-fixed, paraffin-embedded samples (24 from the TI, 66 from the right colon, and 79 from the left colon) were retrieved. There were no significant differences in the distribution of samples by location and by study group ( p = 0.8) ( Table 1 ) .
FXR Expression in the Colon of Cases and Controls
We observed a proximal to distal gradient of FXR expression in the ileo-colon: overall, 83% of samples from the TI, 40% of samples from the right colon, and 30% of the samples from the left colon demonstrated a moderate to strong FXR expression ( p < 0.001). There were no differences in FXR expression by patient sex: 30.3% of samples from female patients and 30.4% of samples from male patients displayed moderate-strong expression ( p = 0.66); this observation was identical when results were analysed by study group (data not shown). Likewise, we did not observe differences in FXR expression by age of the patient, either treating age as a continuous variable ( p = 0.10, logistic regression) or as a categorical variable (age < or >50 years, χ 2 test, p = 0.45). When we stratified by study group, we observed a reduced expression of FXR in MC cases as compared to controls in all locations. A non-statistical reduction of FXR expression was observed in the TI: 90.9% of samples from healthy controls displayed moderate-strong FXR expression versus 76.9% of cases ( p = 0.5). Furthermore, the proximal-distal gradient observed in the colon (from the right colon to the left colon) remained statistically significant only for the healthy controls samples. In healthy controls, 64.3% of the samples from the right colon versus 38.7% of the left colon samples presented strong FXR expression ( p = 0.04). While there was also a trend towards stronger FXR expression in the proximal colon from MC patients (strong FXR expression in 21.1% of samples from right colon versus 8.3% from left colon), this did not reach significance ( p = 0.09) ( Fig. 1 ) . The description of FXR staining by location and by disease group is presented in Table 2 . Because there were cases and controls in whom multiple samples were available throughout the colon, we conducted a sensitivity analysis including only one sample from the right colon and one sample from the left co- 
FXR Expression in MC Subtypes
There were no differences in FXR expression between collagenous and lymphocytic colitis. Overall, 25% of samples from patients with collagenous colitis and 22.5% of samples from lymphocytic colitis showed moderatestrong FXR expression (when samples from TI were included; p = 0.7). Samples from the TI displayed moderate-strong FXR expression in 75 and 78% of collagenous and lymphocytic colitis cases ( p = 0.8). Samples from patients with collagenous colitis presented moderatestrong FXR expression in 37.5% of samples from the right colon and in 0% of samples from the left colon; in lymphocytic colitis, these figures were 18.5% for the right colon and 11.4% for the lymphocytic colitis, respectively ( p = 0.45).
Correlation of FXR Expression with the Degree of Inflammatory Infiltrate in MC
The mean thickness of the collagen band in collagenous colitis samples was 40 ± 15.4 μm. The degree of lymphocyte infiltration was mild in 41.5%, moderate in 32.1%, and severe in 26.4% of samples from lymphocytic colitis. No association was found between the thickness of collagen band and FXR expression: samples displaying absent-mild FXR expression had a mean collagen band thickness of 40.4 ± 16.2 μm, compared to 36.5 ± 4.9 μm in those samples with moderate-strong FXR expression ( p = 0.7). Likewise, no trend was observed for FXR expression in patients with lymphocytic colitis according to their degree of inflammation: 81.2% of those with mild inflammation, 94.1% of those with moderate inflammation, and 78.57 of those with severe inflammatory infiltrated displayed absent-mild FXR expression ( p = 0.4). c Left colon biopsy of a control patient displaying strong FXR nuclear expression (×400). d Right colon of a patient with collagenous colitis: absent FXR nuclear expression is observed (×200). Right colon ( e ) and left colon ( f ) in a patient with lymphocytic colitis displaying only minimal or no FXR nuclear staining (×400).
Discussion
Herein, we have for the first time described the expression of FXR, the main BA receptor, in patients with MC, and compared it to age-and gender-matched controls. We observed that patients with MC present a significantly lower expression of this marker, both in the right and left colon, as compared to controls. Furthermore, the proximal-distal gradient of FXR expression observed in controls was lost in MC patients. Finally, no differences were observed between patients with collagenous and lymphocytic colitis and no association was found between the intensity of inflammation (as measured by the degree of lymphocyte infiltration or thickness of the collagen band) and FXR expression.
The potential involvement of BAs in MC pathogenesis, coupled with the increasing evidence showing how the BA-FXR axis is crucial in the maintenance of epithelial barrier and the involvement of FXR in intestinal inflammation, makes FXR an interesting marker to study in MC. Indeed, the BA-FXR axis has been implicated in intestinal barrier function and antibacterial defence [21, 28] . At the intestinal level, BA metabolites have demonstrated important roles in regulating intestinal homeostasis by preventing pathogen invasion [29] , inhibiting inflammation [22] and maintaining cell integrity [29, 30] . It has been demonstrated that intestinal inflammation decreases FXR cellular expression in an experimental colitis model, and in the reverse way, FXR knockout mice have been shown to be more susceptible to intestinal inflammation [23, 31] . Patients with MC have shown to present impaired mucosal barrier function [32] . Recent work has demonstrated that secondary BAs can exacerbate this mucosal barrier dysfunction in patients with collagenous colitis in remission, by increasing bacterial uptake [32, 33] . Although nothing is known about the faecal BA concentrations in MC patients, the reports of a pathological 75 SeHCAT in 44% of collagenous colitis patients suggest higher BA loss via the colon [11] . An excessive level of BAs in the intestine, resulting from defects in BA reabsorption, can result in chronic diarrhoea and inflammation in the bowel. Holmquist et al. [34] reported that patients with ulcerative colitis who had BA malabsorption showed a high degree of mucosal inflammation in the right colon at colonoscopy. The right colon is also the main site of the classical histological findings of collagenous colitis [35] , and where FXR is most strongly expressed. In healthy controls, we observed a distal decrease in FXR expression, with a stronger expression in the right colon samples as compared to the left colon samples. This pattern of distribution had already been described in normal subjects, and proposed to occur in parallel with the proximal-distal gradient of BA flow along the colon [36, 37] . However, even if there was a trend for this gradient in samples from MC patients, this did not reach statistical significance; indeed, samples from patients with MC presented an overall reduction in the expression of FXR both in right and in left colon.
MC remains an understudied disease. Despite its increasing incidence, it is still a relatively rare disease. Importantly, once diagnosis is made there is no formal recommendation to follow-up with new biopsies, and, therefore, it is difficult to get fresh biopsies to pursue molecular studies, and most studies looking at other tissue markers or cytokines in MC, normally rely on a very small number of samples [38] . Here, having access to a large number of samples in several locations among the colon, from more than 30 patients and 30 controls, we were able to describe in detail the expression and gradient of FXR in MC. All samples from participants (cases and controls) had been collected in the past 5 years, and therefore no bias by aging and degradation of the samples was introduced. Furthermore, all our cases and controls were reviewed by an expert gastrointestinal pathologist who confirmed diagnosis and excluded controls where inflammation could have been present in biopsies, even if minimal or non-specific. Although our findings require further confirmation and validation, this is to our knowledge, the first study examining the expression of BA receptors in MC. This is surprising considering that BA malabsorption has been described in patients with MC, and that cholestyramine has been used for years to treat patients. Our study also has limitations. Our main limitation relies on the fact that being a descriptive, retrospective immunohistochemical study on archival tissue, it does not allow to draw any mechanistic conclusions, such as whether low FXR expression results from FXR down-regulation or from post-transcriptional events modulating FXR expression. Furthermore, despite the relatively large number of samples available and analysed, the number of patients included was relatively small, which could have especially limited the sub-analysis comparing lymphocytic with collagenous colitis. Additionally, being retrospective, and based mostly on the selection of samples from the pathology departments, no clinical information was possible to retrieve from cases, and therefore no information on medications, nor in other clinical factors that could potentially impact entero-hepatic circulation (e.g., history of hepato-biliary surgery) could be assessed.
